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© Load cell and weighing apparatus using the same. 



® A load cell for detecting a load imposed thereon 
comprises, for improving a productivity thereof, a 
strain inducing means(1) made of metal and includ- 
ing a strain generating area(6) for generating a strain 
as a function of the load, and a strain sensor(40) 
including a metal substrate(41 ) having a strain de- 



tecting element(43) formed thereon for detecting the 
strain generated at the strain generating area(6) of 
the atrain inducing means(l). The strain sensor(40) 
is mounted in the strain inducing means(1) with the 
metal substrate(41) welded thereto. 
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BACKGROUND OF THE INVENTION 

(Field of the Invention) 

The present invention relates generally to a 
load cell for use in a weighing apparatus such as 
an electronic scale and more particularly, to the 
load cell for electrically detecting a load imposed 
on a strain Inducing element of a specific configu- 
ration, by the utilization of an electric characteristic 
of a strain. detecting element such as, for example, 
a strain gauge, mounted on the strain inducing 
element. 

(Description of the Prior Art) 

The load cell used in an electronic scale gen- 
erally is employed in the form of a strain inducing 
element as shown in Fig. 19 and comprises fixed 
and movable rigid bodies a1 and a2 opposite to 
each other and a pair of parallel beanns b1 and b2 
extending between the fixed and movable rigid 
bodies a1 and a2. AH of those elements a1 , a2. b1 
and b2 are defined by forming a cave c in a 
generally rectangular cubic metal block so that the 
fixed and movable rigid bodies a1 and a2 occupy 
respective opposite end portions of the metal block 
while the parallel beams b1 and b2 occupy respec- 
tive opposite side portions of the metal block. The 
cave c is so shaped and so configured as to leave 
pairs of thin walled strain generating areas d1 and 
d2, d3 and 64, the strain generating areas d1 and 
d2 of one pair being defined at respective junctions 
of opposite ends of the beam b1 with the fixed and 
movable rigid bodies al and a2 while the strain 
generating areas d3 and d4 of the other pair are 
defined at respective junctions of opposite ends of 
the beam b2 with the fixed and movable rigid 
bodies a1 and a2. 

The prior art strain inducing element A is so 
designed and so structured that, when a load W is 
applied to the movable rigid body a2, a consider- 
able deformation occurs at the thin-walled strain 
generating areas d1 to d4 as shown by the phan- 
tom line, causing the movable rigid body a2 to 
undergo a parallel downward motion relative to the 
fixed rigid body al. In other words, the strain 
generating areas dl to 64 generate respective 
strains in a quantity proportional to the applied load 
W to reduce any possible adverse influence 
brought about by a bending moment. In practice, 
the fixed rigid body al of the strain inducing ele- 
ment A is rigidly secured to a base E of the 
electronic scale while the movable rigid body a2 is 
coupled with a scale table F.. Strain delecting 
elements G such as, for example, strain gauges, 
are immovably placed on respective surfaces of 
the strain inducing element A in alignment with at 
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least two of the strain generating areas dl and d2 
(or d3 and d4) so that a tensile strain and a 
compressive strain induced in the strain generating 
areas d1 and d2 as a function of the load placed 

5 on the scale table F can be detected by the re- 
spective strain detecting elements G thereby to 
provide an indication of the load W. 

According to the prior art, the mounting of the 
strain detecting elements to the strain Inducing 

10 element is carried out by bonding the strain detect- 
ing elements comprising a film base made of syn- 
thetic resin having a strain detecting resistance 
circuit formed thereon. Since the strain detecting 
elements is flexible and susceptible to damages, 

75 not only is a mechanical handling thereof difficult to 
achieve, but also a complicated and laborious job 
is required to mount the strain detecting elements 
to the strain inducing element. In addition, a sub- 
stantial length of time is required up until the 

20 bonding agent used is cured or hardened, posing a 
problem associated with workability. 

On the other hand, the Japanese Patent Pub- 
lication No. 62-59767, published in 1987. discloses 
the formation of a patterned strain detecting circuit 

25 directly on the strain inducing element by the utili- 
zation of a thin-film technology and a photolithog- 
raphic technique. The use of the thin-film technol- 
ogy in which a vapor deposition process is per- 
formed requires the strain inducing element to be 

30 loaded into a vacuum chamber and, therefore, the 
number of the strain inducing elements produced 
per unitary time is limited by the size of the vacu- 
um chamber, posing a problem associated with the 
mass productivity. 

35 

SUMMARY OF THE INVENTION 

Accordingly, a primary object of the present 
invention is to provide an improved load cell in 
40 which the strain detecting element can be effi- 
ciently mounted to the strain inducing element at a 
high workability and which can be manufactured at 
a high productivity. 

It is a related object of the present Invention to 
45 provide a method of manufacturing the load cell of 
the type referred to above. 

It is also an important object of the present 
invention to provide an improved weighing appara- 
tus utilizing the load cell of the type referred to 
50 above. 

It is a further important object of the present 
invention to provide a method of weighing a load 
by the use of the weighing apparatus of the type 
referred to above in which the load cell is coupled 
55 with a scale table. 

The load cell according lo one aspect of the 
present invention comprises a strain inducing 
means made of metal and including a strain gen- 

2 



2 




3 EP 0 

erating region for generating a strain as a function 
of the load, and a strain sensor including a metal 
substrate having a strain detecting element formed 
thereon for detecting the strain generated at the 
strairv generating region of the strain inducing 
means. The strain sensor is mounted in the strain 
inducing means with said metal substrate welded 
thereto. 

A method of manufacturing the load cell ac- 
cording to the present invention comprises forma- 
tion of a strain detecting element on a metallic 
substrate thereby to provide the strain sensor, and 
mounting of the strain sensor in the strain inducing 
element with the metal substrate welded to said 
strain inducing element. 

According to the above described aspects of 
the present invention, since the strain sensor is 
secured to the strain inducing means by the utiliza- 
tion of a welding technique, a mechanical handling 
is easy to accomplish and no large-sized workshop 
such as an vacuum chamber is required. Accord- 
ingly, as compared with the prior art structure in 
which either a bonding agent or a patterning tech- 
nique is employed, the mounting of the strain sen- 
sor to the strain inducing means can readily and 
efficiently be accomplished with high workability, 
thereby facilitating a production of the load cells. 

According to a preferred embodiment of the 
present invention, the strain inducing means com- 
prises a fixed rigid body adapted to be secured to 
a base, a movable rigid body adapted to receive 
the load, and a pair of beam members extending 
parallel to each other and connecting the fixed and 
movable rigid bodies together. The fixed and mov- 
able rigid bodies occupy respective positions cor- 
responding to opposite end portions of the load 
cell. This strain inducing means is so designed and 
so structured that, when the load acts on the mov- 
able rigid body, the movable rigid body undergoes 
a parallel downward motion relative to the fixed 
rigid body, and wherein the strain generating re- 
gion is defined on each of the beam members. 
This structure represents the Roberval's parallel 
motion mechanism in which the strain induced in 
the strain generating area is in proportion to the 
applied load and is little adversely affected by the 
moment of the load: 

According to another preferred embodiment of 
the present invention, the strain inducing means 
comprises generally elongated first and second 
structures of substantially identical construction 
with the first structure positioned above the second 
structure so as to define a generally hollow there- 
between, an intermediate plate means sandwiched 
between the first and second structures and 
spaced a distance from each other, said strain 
sensor being positioned within the hollow and weld- 
ed to the intermediate plate means. The first struc- 
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ture is of one-piece construction .including a pair of 
upper rigid body forming regions opposite to each 
other and connected together by means of an 
upper beam, said upper rigid body forming regions 
5 constituting respective upper portions of the fixed 
and movable rigid bodies. The second structure is 
also of one-piece construction including a pair of 
lower rigid body forming regions and opposite to 
each other and connected together by means of a 
70 lower beam, said lower rigid body forming regions 
constituting respective lower portions of the fixed 
and movable rigid bodies. 

Preferably, the strain inducing means is made 
of a metal plate, and is of a symmetrica! structure, 
15 more specifically, symmetric with respect to a cen- 
ter point thereof. 

According to the second mentioned preferred 
embodiment of the present invention, the strain 
inducing means represents a three-layered struc- 
20 ture in which the intermediate plate means inter- 
venes between the first and second structures. 
Therefore, unlike the prior art strain inducing ele- 
ment which is manufactured by the use of a die 
casting technique and a machining process using • 
25 metallic material, the strain inducing means used in 
the practice of the present invention can be manu- 
factured by the use of a metal blanking technique 
or any suitable press work, making it possible to 
enhance the productivity of the strain inducing 
30 means. 

According to a further preferred embodiment of " 
the present invention, the intermediate plate means '. 
used in the three-layered structure is constituted ■ 
by first and second intermediate plates separate .-^ 
.35 from .each other. The first intermediate plate is : - 
sandwiched between respective first portions of the 
first and second structures corresponding in posi- 
tion to the fixed rigid body while the second inter- 
mediate plate is sandwiched between respective 
40 second portions of the first and second structures 
corresponding in position to the movable rigid 
body. The first and second intermediate plates 
have respective side edge portions confronting with 
each other so as to define mounts on which said 
45 strain sensor is disposed with opposite ends there- 
of welded respectively to said side edge portions. 
Alternatively,~the"intermediate plate means may be 
constituted by a single plate member having an 
opening defined at an intermediate portion thereof 
50 and, in this case, opposite peripheral lip regions of 
said opening define respective mount to which the 
opposite ends of the strain sensor are wended 
while traversing across the opening. 

According to this further preferred embodiment 
66 of the present invention, only the opposite ends of 
the strain sensor which are wended to the inter- 
mediate plate means through the respective 
mounts contact the strain inducing means, and the 

3 
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remaining portion of the strain sensor itself does 
not contact any portion of the strain inducing 
means. Accordingly, there is no possibility that the 
strain sensor has its relatively large surface which 
may undergo a frictional contact with Ihe strain 
inducing means to an extent as to restrict the 
deformation of the strain inducing means in cor- 
respondence with the applied load. 

According to a still further preferred embodi- 
ment of the present invention, the strain Inducing 
means and the metal substrate forming a part of 
the strain sensor are made of identical metallic 
material. This is particularly advantageous in that, 
since the metal substrate carrying the strain detect- 
ing element and the strain inducing means have an 
equal coefficient of thermal expansion and, there- 
fore, a favorable temperature-dependent character- 
istic of the strain detection can be appreciated. 

Preferably, the metal substrate is in the form of 
a thin plate having a strain generating area defined 
therein for facilitating stress build-up and wherein 
said strain sensor is positioned at the strain gen- 
erating area. By so doing, the amount of strain 
produced in the strain sensor can be increased 
enough to improve the accuracy of detection of the 
load. 

Preferably, the metal substrate has a cross- 
sectional surface area small enough to prevent the 
amount of strain induced in the strain inducing 
means from being varied. 

Preferably, an electrically insulating layer is 
formed on one surface of the metal substrate and 
the strain detecting element is formed on the in- 
sulating layer. 

Again preferably, the metal substrate has a pair 
of opposite portions clear from a region where the 
strain sensor is formed, so that the metal substrate 
can be supported by the intermediate plate means 
with said opposite portions thereof welded thereto. 
This feature is effective to avoid any possible de- 
formation or damage of the strain detecting ele- 
ment under the influence of heat evolved during 
the welding. 

The welding employed in the practice of the 
present invention to connect the strain sensor to 
the strain inducing means is preferably a spot 
welding. As compared with a seam welding, the 
surface area of the resultant weld deposit, that is, 
the surface area of contact between the metal 
substrate and the strain inducing means in the spot 
welding, is so small enough to avoid any possible 
restriction on the deformation of the strain inducing 
means in correspondence with the applied load 
which would occur if a tight frictional contact oc- 
curs between the metal substrate and the strain 
inducing means as a result of a relative displace- 
ment between the metal substrate and the strain 
inducing means. 



Also, since a generation of internal stresses in 
the metal substrate as a result of' the spot welding 
is suppressed, there is less possibility that a de- 
formation of the metal substrate in correspondence 

5 with the applied load is adversely affected by the 
internal stress. 

Of various welding methods, the YAG welding 
method is particularly advantageous in that no weld 
strain is left at the weld deposits. 

10 According to a still further aspect of the 

present invention, there is provided a weighing 
apparatus utilizing a load cell and having a scale 
table. The load cell is operably coupled with said 
scale table to detect a load placed on the scale 

15 table. This load cell comprises a strain inducing 
means made of metal and including a strain gen- 
erating region for generating a strain as a function 
of the load and a strain sensor including a metal 
substrate having a strain detecting element formed 

20 thereon for detecting the strain generated at the 
strain generating region of the strain inducing 
means, said strain sensor being mounted in the 
strain inducing means with said metal substrate 
welded thereto. The load cell may, if desired, be 

25 employed in a plural number in a fashion oper- 
atively coupled with the single scale table. 

According to a yet further aspect of the present 
invention, there is provided a method of weighing 
an object to be weighed, which is placed on a 

30 scale table of a weighing apparatus which is oper- 
atively coupled with a load cell, said load cell 
comprising a strain inducing means made of metal 
and including a strain generating region for gen- 
erating a strain as a function of the load and a 

35 strain sensor including a metal substrate having a 
strain detecting element formed thereon for detect- 
ing the strain generated at the strain generating 
region of the strain inducing means, said strain 
sensor being mounted in the strain inducing means 

40 with said metal substrate welded thereto. This 
method comprises detection of the strain induced 
in the strain inducing means. Even in the practice 
of the weighing method according to the present 
invention, the metal substrate has a cross-sectional 

45 surface area smalt enough to prevent the amount 
of strain induced in the strain inducing means from 
being varied. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 

In any event, the present invention will become 
more clearly understood from the following descrip- 
tion of preferred embodiments thereof, when taken 
in conjunction with the accompanying drawings. 
55 However, the embodiments and the drawings are 
given only for the purpose ol illustration and ex- 
planation, and are not to be taken as limiting the 
scope of the present invention in any way whatso- 
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ever, which scope is to be determined by the 
appended clainns. In the accompanying drawings, 
like reference numerals are used to denote like 
parts throughout the several views, and: 

Fig. 1 is a schernalic perspective view, with a 5 
portion cut away, showing a load cell according 
to a first preferred embodiment of the present 
invention; 

Fig. 2 is an exploded view of the load cell 
shown in Fig. 1; /o 
Fig. 3 is a schematic perspective view of a 
strain sensor used in the load cell of the present 
invention; 

Fig. 4 is a circuit diagram showing a load de- 
tecting circuit in which the load sensor is em- 75 

ployed: 

Fig. 5 is a schematic side sectional view show- 
ing the load cell employed In a weighing ap- 
paratus; 

Fig 6 is a schematic perspective view of the 20 
load cell according to a second preferred em- 
bodiment of the present invention; 
Fig. 7 is a schematic perspective view of an 
intermediate plate employed in the load cell 
shown in Fig- 6; 25 
Fig. 8 is a fragmentary perspective view show- 
ing a modified form of one of fixed and movable 
rigid bodies forming respective parts of the load 
cell of the present invention; 

Fig. 9 is a fragmentary perspective view show- 30 
ing a modified form of one of beam members 
forming respective parts of the load cell of the 
present invention; 

Fig. 10 is a schematic perspective view of the 

load cell according to a third preferred embodi- 35 

ment of the present invention; 

Fig. 11 is a top plan view of the strain sensor 

employed in the load cell shown in Fig. 10; 

Fig. 12 is a circuit diagram showing a load 

detecting circuit in which the load sensor shown 40 

in Fig. 10 is employed; 

Figs. 13 to 18 are schematic perspective views 
of the load cell according to fourth, fifth, sixth, 
seventh, eighth and ninth preferred embodi- 
ments of the present invention, respectively; and 45 
Fig. 19 is a schematic diagram showing the 
prior art load cell. - ... 

DETAILED DESCRIPTION OF THE EMBODI- 
MENTS 60 

Referring first to Fig. 1, a strain inducing unit 1 
used in a load cell according to the present Inven- 
tion has fixed and movable rigid bodies 2 and 3 
occupying respective opposite ends of the strain 56 
inducing unit 1. This strain inducing unit 1 com- 
prises generally elongated upper (first) and lower 
(second) plate structures 1 2 and 22 of substantially 



identical construction with the uppjer plate structure 
12 positioned above the lower plate structure 22 so 
as to define a generally rectangular-sectioned hol- 
low therebetween, generally square first and sec- 
ond intermediate plate members 30A and 30B 
sandwiched between the upper and lower plate 
structures 12 and 22 and spaced a distance from 
each other, and a strain sensor 40 positioned within 
the rectangular-sectioned hollow and supported be- 
tween the first and second intermediate plate mem- 
bers 30A and 308 so as to bridge therebetween. 

The upper plate structure 12 is of one-piece 
construction including a pair of rigid body forming 
regions 10 and 11 opposite to each other and 
connected together by means of an upper beam 4, 
said rigid body forming areas 10 and 11 constitut- 
ing respective upper portions of the fixed and mov- 
able rigid bodies 2 and 3. Similarly, the lower plate 
structure 22 is of one-piece construction including 
a pair of rigid body forming regions 20 and 21 
opposite to each other and connected together by 
means of a lower beam 4, said rigid body forming 
regions 20 and 21 constituting respective lower 
portions of the fixed and movable rigid bodies 2 • 
and 3, respectively. It is to be noted that the strain 
inducing unit 1 having the rectangular-sectioned 
hollow defined between the upper and lower plate ' 
structures 12 and 22 is symmetric in shape, or . 
more specifically, symmetric with respect to a cen- * 
ter point C thereof. Thus, the strain inducing unit 1 
represents a three-layered structure in which the ^ 
intermediate plate members 30A and 308 intervene . 
between the upper and lower structures 12 and 22. 

The details of various component parts of the 
strain inducing unit 1 according to the present r 
invention will now be described with particular ref- 
erence to Fig. 2 showing an exploded view of the 
strain inducing unit 1 . 

The upper plate structure 12 has its opposite 
end portions constituting the respective rigid body 
forming regions 10 and 11. Each of the opposite 
end portions, that is, the rigid body forming regions 
10 and 11, of the upper plate structure 12 is 
constituted by a top wall 10a or 11a, a pair of 
opposite side walls 10b or lib substantially per- 
pendicular to the top wall 10a or 11a, and a pair of 
flanges- 10c or 11c protruding laterally outwardly 
from the associated side walls 10b or lib and 
lying in a plane parallel to the top wall 10a or 11 a. 
The top walls 10a and 11a of the respective rigid 
body forming regions 10 and 11 are connected 
together by means of the upper beam 4 which is 
constituted by a top wall 4a flush with any one of 
the top walls 10a and lib and a pair of opposite 
side walls 4b normal to the top wall 4a. This upper 
plate structure 12 has two pairs of notches, gen- 
erally identified by 5, each pair positioned on one 
side thereof with respect to the longitudinal axis of 
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the upper plate structure 12 so as to define two 
constricted regions 6 of reduced width between the 
top walls 10a and 4a and between the top walls 

1 1 a and 4a. 

It is to be noted that the upper plate structure 

12 of the above described construction is symmet- 
ric in shape with respect to a vertical plane includ- 
ing the longitudinal axis thereof and also with re- 
spect to a vertical plane including an axis extend- 
ing perpendicular to the longitudinal axis thereof 
and across a point intermediate the length of the 
upper plate structure 12 and that each of the con- 
stricted regions 6 has a reduced rigidity as com- 
pared with the remaining portion of the upper plate 
structure 12 and does therefore define a strain 
inducing area where stresses are easy to build up. 
It is also to be noted that each of the respective 
top walls 10a and 11a of the rigid body forming 
regions 10 and 11 has a bolt hole lOd and lid 
defined therein for the passage therethrough of a 
respective fitting bolt (not shown). 

Similarly, the lower plate structure 22 has its 
opposite end portions constituting the respective 
rigid body forming regions 20 and 21. Each of the 
opposite end portions, that is, the rigid body for- 
ming regions 20 and 21, of the lower plate struc- 
ture 22 is constituted by a bottom wall 20a or 21a, 
a pair of opposite side walls 20b or 21b substan- 
tially perpendicular to the bottom wall 20a or 21a, 
and a pair of flanges 20c or 21c protruding laterally 
outwardly from the associated side walls 20b or 
21b and lying in a plane parallel to the bottom wall 
20a or 21a. The bottom walls 20a and 21a of the 
respective rigid body forming regions 20 and 21 
are connected together by means of the lower 
beam 4 which is constituted by a bottom wall 4a 
flush with any one of the bottom walls 20a and 21b 
and a pair of opposite side walls 4b normal to the 
bottom wall 4a. This lower plate structure 22 has 
two pairs of notches, generally identified by 5, each 
pair positioned on one side thereof with respect to 
the longitudinal axis of the lower plate structure 22 
so as to define two constricted regions 6 of re- 
duced width between the bottom walls 20a and 4a 
and between the bottom walls 21a and 4a. 

It is to be noted that the lower plate structure 
22 of the above described construction is symmet- 
ric in the same manner as the upper plate structure 
12, and that each of the constricted regions 6 has a 
reduced rigidity as compared with the remaining 
portion of the lower plate structure 22 and does 
therefore define a strain inducing area where 
stresses are easy to build up. It is also to be noted 
that each of the respective bottom walls 20a and 
21a of the rigid body forming regions 20 and 21 
has a bolt hole 20d and 21 d defined therein for the 
passage therethrough of a respective set bolt (not 
shown). 



Each of the first and second intermediate plate 
members 30A and 30B is in the form of a generally 
square thin plate and has one side edge portion 
30a defining a mount for the fitting of the strain 

5 sensor 40. To complete the strain inducing unit 1. 
the first and second intermediate plate members 
30A and 30B are sandwiched between the upper 
and lower plate structures 12 and 22 with the 
flanges 10c and 11c of the upper plate structure 12 

10 welded together with the associated flanges 20c 
and 21c of the lower plate structure 22. At this 
time, opposite side edge portions of each of the 
first and second intermediate plate members 30A 
and 30B on respective side of the mount 30a are 

/5 sandwiched between the flanges 10c and 11c of 
the upper plate structure 12 and the flanges 20c 
and 21c of the lower plate structure 12 and welded 
thereto. For welding the upper and lower plate 
structures 12 and 22 together with the first and 

20 second Intermediate plate members 30A and 30B 
intervening therebetween, any suitable welding 
method may be employed such as, for example, a 
spot welding technique. It is to be noted that prior 
to the welding being effected to the flanges 10c. 

25 11c and 20c, 21c of the upper and lower plate 
structures 12 and 22, the strain sensor 40 is se- 
cured at its opposite ends to the respective mounts 
30a of the first and second intermediate plate 
members 30A and 308 so as to bridge between 

30 the first and second intermediate plate members 
30A and 308. 

The strain inducing unit 1 of the construction 
described above is so designed and so structured 
as to constitute a Roberval's parallel motion 

35 mechanism as is the case with that shown in 19. In 
other words, the strain inducing unit 1 is so de- 
signed and so structured that, when a load is 
imposed on the movable rigid body 3, the strain 
inducing unit 1 undergoes a considerable bending 

40 about the four constricted or strain inducing areas 
6 in the upper and lower plate structures 12 and 22 
while the movable rigid body 3 moving downwardly 
and generally parallel relative to the fixed rigid 
body 2. 

45 Referring now to Fig. 3 for the detailed discus- 

sion of the strain sensor 40, the strain sensor 40 
comprises a metal substrate 41 in the form of a 
generally rectangular thin metal plate having its 
opposite side edge portions formed with respective 

50 pairs of notches generally identified by 41a. The 
notches 41a of each pair are aligned with each 
other so as to leave between the notches 41 a of 
the respective pair an associated constricted area 
41b which serve as a strain generating area where 

65 stresses are easy to build up. This strain sensor 40 
also comprises a strain detecting unit 43 mounted 
on the metal substrate 41 through an electric in- 
sulator layer 42 so as to extend generally between 
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the constricted or stress generating areas 41 a. The 
strain detecting unit 43 is formed by depositing 
electroconductive metat foil in a predetermined pat- 
tern on the electric insulator layer 42 by the use of. 
for exampte, a circuit printing technique or a lithog- 5 
raphic technique and includes a pair of strain de- 
tecting resistance elements 43a and electric con- 
ductors 43b which connect the strain detecting 
resistance elements 43a with a flat cable or a 
flexible ribbon cable 44 having a corresponding io 
number of electric lines connected, or otherwise 
soldered, with the conductors 43b. 

The strain detecting unit 43 is so designed 
that, when a strain acts on the strain detecting unit 
43, electric signals each indicative of a change in is 
resistance of the associated strain detecting resis- 
tance elements 43a can be outputted through the 
flat cable 44. Preferably, the strain detecting unit 
43 on the electric insulator layer 42 is protected by 
a protective overcoat 45 of any suitable electrically 20 
insulating material. 

So far described, when a load is applied to a 
scale table as will be described, the movable rigid 
body 3 . is displaced downwardly relative to the 
fixed rigid body 2, accompanied by a correspond- 25 
ing downward displacement of the mount 30a of 
the second intermediate plate member 30A in the 
movable rigid body 3 relative to the mount 30a of 
the first intermediate plate member 30B in the fixed 
rigid body 2. When this downward displacement of 30 
the movable rigid body 3 relative to the fixed rigid 
body 2 takes place, the strain sensor 40 is de- 
formed in a manner generally depicting the shape 
of a figure "S" with the consequence that a tension 
acts on the constricted or strain generating area 35 
41 b (Fig. 3) of the metal substrate 41 adjacent the 
fixed rigid body 2 whereas a compression acts on 
the strain generating area 41b of the metal sub- 
strate 41 adjacent the movable rigid body 3. This 
deformation of the strain sensor 40 results in re- 40 
spective changes in resistance of the electric resis- 
tance elements 43a which are subsequently output- 
ted through a Wheatstone bridge network shown in 
Fig. 4. 

More specifically, with reference to Fig. 4, the 45 
electric resistance elements 43a are connected in 
series"with each^other through^ juhctionTJc to form 
a series circuit which is in turn connected with a 
series circuit of dummy resistors 1 4 connected with 
each other through a junction Jd, thereby to form 50 
the Wheatstone bridge network. In this Wheatstone 
bridge network shown in Fig, 4, a predetermined 
voltage E is applied between a junction Ja of one 
of the strain detecting resistance elements 43a with 
one of the dummy resistors 14 and a junction Jb ot 56 
the other of the strain delecting resistance ele- 
ments 43a with the other of the dummy resistors 
14. an output voltage e, that is, an electric output 
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signal as a function of the toad. imposed thereon, 
can be generated between the junctions Jc and Jd 
in correspondence with a change in resistance of 
each of the strain detecting resistance elements 
43a. This electric output signal is eventually pro- 
cessed to provide a measurement of the load im- 
posed on the strain inducing unit 1 of the present 
invention. 

The strain sensor 40 shown in Fig. 3 is sup- 
ported within the rectangular-sectioned hollow by 
the first and second intermediate plate members 
30A and 30B. shown in Fig. 2, with opposite end 
portions 41c of the metal substrate 41 mounted on 
and spot-wended to the respective mounts 30a by 
the use of any suitable welding technique such as, 
for example a YAG welding technique or an elec- 
tron beam welding technique. 

Referring now to Fig. 5, the strain inducing unit 
1 in an assembled condition is mounted on a base 
plate 51, forming a part of an electronic scale, by 
means of a set bolt 50a passing through the fixed 
rigid body 2 and fastened to the base plate 51 from 
above. On the other hand, the strain detecting unit 
1 is secured to a scale table 52. also forming 
another part of the electronic scale, by means of a 
set bolt 50b passing through the movable rigid 
body 3 and fastened to the scale table 52 from 
below. Thus, it will readily be understood that, 
when an object to be weighed is placed on the 
scale table 52, the movable rigid body 3 moves 
downwardly and generally parallel relative to the 
fixed rigid body 2 as shown by the phantom line ' 
1A, accompanied by a generation of a substantial - 
amount of strain which is detected by the strain 
sensor 40. In this way, the load imposed on the' 
movable rigid body 3, that is. the weight of the 
object to be weighed that is placed on the scale 
table 52. is measured by processing the electric 
output signal generated from the strain sensor 40. 

Preferably, to manufacture the strain sensor 40, 
a method may be employed which comprises the 
steps of forming a plurality of strain detecting units 
43 on a single metal matrix and then cutting the 
metal matrix to produce the individual strain detec- 
tor assemblies 40 each including the metal sub- 
strate 41 with the strain detecting unit 43 formed 
thereon. This~method"permits"the manufacture of a 
plurality of the strain sensor 40 using a single 
metal matrix and is therefore advantageous in 
terms of productivity. 

The strain inducing unit 1 including the upper 
and lower plate structures 12 and 22 and the first 
and second intermediate plate members 30A and 
30B is preferably made of stainless steel, but may 
be made of any other suitable metal such as, for 
example, aluminum. Similarly, the metal substrate 
41 forming a part of the strain sensor 40 is prefer- 
ably made of the same metal as that used for the 
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strain inducing unit 1, that is, stainless steel, but 
may be made of any other suitable metal such as, 
for example, aluminum. 

Tlie electric insulator layer 42 forming another 
pari of the strain sensor 40 may be made of any 
suitable synthetic resin having an electrically in- 
sulating property such as, for example, polyimide 
resin, polyester resin, phenol resin, or epoxy resin. 

The strain detecting resistance elements 43a 
also forming another part of the strain sensor 40 is 
made of metal such as, for example, a copper- 
nickel alloy or a nickel-chromium alloy while the 
conductors 43b are made of metal having a high 
electroconductive property such as, for example, 
aluminum. 

The protective overcoat 45 deposited on the 
electric insulator layer 42 so as to cover the strain 
sensor 40 is made of any one of a synthetic resin 
such as, for example, solder-resist, butyl rubber 
and silicon rubber, or a combination of them. 

In summary, while the strain inducing unit 1 is 
substantially made of metal, the strain detecting 
unit 43 of the strain sensor 40 shown in Fig. 3 is 
formed on the metal substrate 41 which is in turn 
mounted in the strain inducing unit 1 by the use of 
the welding technique in the manner as described 
hereinbefore. The welding job employed to secure 
the strain sensor 40 to the first and second inter- 
mediate plate members 30A and 30B involves an 
easy mechanical handling and does not require 
any large-sized workshop such as an vacuum 
chamber. Accordingly, as compared with the prior 
art structure in which either a bonding agent or a 
patterning technique is employed, the mounting of 
the strain sensor 40 to the strain inducing unit 1 
can readily and efficiently be accomplished with 
high workability, thereby facilitating a production of 
the load cells. 

Also, in the strain inducing unit 1 of the above 
described construction, the upper and lower plate 
structures 12 and 22 have the strain inducing areas 
6 between the top walls 10a and 4a in the upper 
plate structure 12 and between the bottom walls 
20a and 4a in the lower plate structure 22, so that 
the movable rigid body 3 can move downwardly 
and generally parallel relative to the fixed rigid 
body 2 according to the load imposed thereon. In 
addition, the strain inducing unit 1 of the above 
described construction is of a symmetrical struc- 
ture. Therefore, the strain inducing unit 1 as a 
whole constitute the Roberval's parallel motion 
mechanism. With this Roberval's parallel motion 
mechanism, the strain induced in the strain detect- 
ing unit 43 positioned in a region bound by the 
strain inducing areas 6 is in proportion to the load 
to be measured and, therefore, a precise and ac- 
curate detection of the load can advantageously be 
accomplished with minimized adverse effect of a 
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moment of the load. 

Also, the metal substrate 41 forming a part of 
the strain sensor 40 is held in contact with the first 
and second intermediate plate members 30A and 
6 30B merely through the opposite end portions 40c 
thereof that are welded to the associated mounts 
30a of the first and second intermediate members 
30A and 30B. and a major portion of said metal 
substrate 41 being held out of contact from any 

10 one of the first and second intermediate plate 
members 30A and 308. Therefore, the metal sub- 
strate 41 is substantially insensitive to any possible 
load-induced deformation which would otherwise 
occur when a large surface area of the metal 

75 substrate 41 opposite to the strain sensor 40 is 
brought into frictional contact with any one of the 
intermediate plate members, thereby making it 
possible to accomplish a precise and accurate de- 
tection of the load. 

20 Considering that the metal substrate 41 on 

which the strain detecting unit 43 is formed through 
the electric insulator layer 42 is made of the same 
metallic material, that is. stainless steel, as that for 
the strain inducing unit 1. the metallic substrate 41 

25 exhibits the same coefficient of thermal expansion 
as that exhibited by the strain inducing unit 1 and, 
therefore, any possible change in amount of strain 
detected by the strain detecting unit 43 with a 
change in ambient temperature can be minimized 

30 or substantially eliminated, with the strain sensor 
40 consequently exhibiting a favorable temperature 
dependent characteristic. 

Moreover, since the metal substrate forming a 
part of the strain sensor 40 is in the form of the 

35 thin metallic plate having the constricted areas 41b 
which generate the strain as a result of the stress 
build-up and the strain detecting unit 43 is posi- 
tioned at that constricted area 41b, a substantially 
increased amount of strain acts on the strain de- 

40 tecting unit 43. making it possible to accomplish 
the precise and accurate detection of the load. Yet, 
since the metallic plate 41 has a sufficiently small 
thickness and also has a cross-sectional surface 
area S shown in Fig. 3 which is of a size small 

45 enough to avoid the possibility that the amount of 
strain induced in the strain inducing unit 1 will be 
adversely affected, the accuracy of the load detec- 
tion will not be reduced. 

Furthermore, since the metal substrate 41 has 

50 its opposite end portions welded to the first and 
second intermediate plate members 30A and 308 
with the region of the strain detecting unit 43 
positioned clear from and intermediate between the 
first and second plate members 30A and 30B, the 

65 strain detecting unit 43 will not be adversely af- 
fected by and undesirably deformed by the ele- 
vated temperature during the welding job. 
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The use of the protective overcoat 45 covering 
the strain detecting unit 43 is effective to avoid any 
possible reduction in detecting capability of the 
strain delecting unit 43 which would occur when 
adversely affected by humidity, thereby ensuring a s 
stable lunctioning of the strain detecting unit 43 for 
a prolonged time. 

Yet, since the spot-welding technique is em- 
ployed to secure the metal substrate 41 to the first 
and second intermediate plate members 30A and ro 
SOB. the entire surface area occupied by spot-weld 
joints between the metal substrate 41 and the first 
and second intermediate plate members 30A and 
SOB is much smaller than that which would be 
occupied when a seam welding is effected. Where is 
the seam welding technique occupying a large 
welding area is employed to weld the metal sub- 
strate 41 to the first and second intermediate plate 
members 30A and SOB, there is a possibility that a 
deviation occurring between the metal substrate 41 20 
and any one of the first and second intermediate 
plate members 30A and 30B when the strain induc- 
ing unit 1 undergoes a deformation will not be 
sufficiently absorbed and a frictionai contact be- 
tween the metal substrate 41 and any one of the 25 
first and second -plate members 30A and 30B 

• would hamper a deformation of the strain inducing 

unit 1 according to the load imposed thereon. The 
use of the spot-welding technique occupying a 

i> small welding area for welding the metal substrate 30 

to the first and second plate members 30A and 
SOB is effective to avoid such a possibility, making 
it possible to secure the precise and accurate load 
detection. It is to be noted that the employment of 
the YAG welding technique is effective to avoid a 35 
stress set-up around each spot-weld joint and, 
therefore, will not adversely affect the linearity of 
the strain inducing unit 1 . 

Also, since welding area of the spot welding is 
small as compared with the seam welding, internal 40 
stresses which would occur in the metal substrate 
41 is suppressed thereby minimizing an adverse 
effect of the internal stresses on the deformation of 
the strain inducing unit 1 . 

In the construction shown in and described 45 
with reference to Figs. 1 to 5, all of the upper plate 
sfructLife 12. tlie lowei'" plate "litructu^^^^ 22 and the 
first and second intermediate plate members 30A 
and SOB are made of metal by the use of a press 
work thereby to constitute the strain inducing unit 50 
1. Therefore, as compared with the prior art, the 
present invention does not require the use of any 
die casting and a subsequent machining both em- 
ployed in the practice of the prior art to form the 
strain inducing unit, and accordingly, the present 55 
invention is effective to simplify the process of 
making the strain inducing unit thereby to improve 
the productivity. 



Moreover, since the strain inducing unit 1 as a 
whole has a symmetrical profile, or symmetric with 
respect to the center point C thereof, both of the 
upper plate structure 12 and the lower plate struc- 
ture 22, which form the respective upper and lower 
portions of the fixed and movable rigid bodies 2 
and 3, can be manufactured by the use of a single 
and the same die and punch and, therefore, the 
present invention is effective to enhance the pro- 
duction of the strain inducing unit 1 and, hence, the 
load cell using the same, accompanied by a reduc- 
tion in the manufacturing cost of the load cell. 

Fig. 6 illustrates the strain inducing unit accord- 
ing to a second preferred embodiment of the 
present invention. 

Referring first to Fig. 6, the strain inducing unit 
according to this embodiment is generally indi- 
cated by 61 has fixed and movable rigid bodies 62 
and 63 occupying respective opposite ends of the 
strain inducing unit 61. This strain inducing unit 61 
comprises generally elongated upper and lower 
plate structures 72 and 82 of substantially identical 
construction with the upper plate structure 72 posi- 
tioned above the lower plate structure 82 so as to ' 
define a generally rectangular-sectioned hollow 
therebetween, a generally rectangular intermediate 
plate member 90 having its opposite end portions 
sandwiched at their side edges between the upper • 
and lower plate structures 72 and 82, and a strain 
sensor 40 positioned within the rectangular-sec- 
tioned hollow and supported by the intermediate* 
plate member 90 in a manner as will be described 
later. 

The upper plate structure 62 is of one-piece * 
construction including a pair of rigid body forming'* 
regions 70 and 71 opposite to each other and 
connected together by means of an upper beam 
64, said rigid body forming regions 70 and 71 
constituting respective upper portions of the fixed 
and movable rigid bodies 62 and 63. Similarly, the 
lower plate structure 82 is of one-piece construc- 
tion including a pair of rigid body forming regions 
80 and 81 opposite to each other and connected 
together by means of a lower beam 64, said rigid 
body forming regions 80 and 81 constituting re- 
spective lower portions of the fixed and movable 
rigid biDdies;"62~ and" 63, fespectively. It is to be 
noted that the strain inducing unit 61 having the 
rectangular-sectioned hollow defined between the 
upper and lower plate structures 72 and 82 is 
symmetric in shape with respect to the center point 
C of the strain Inducing unit 61. 

The structure so far described is substantially 
similar to that described in connection with the first 
preferred embodiment of the present invention ex- 
cept that, instead of the use of the two intermediate 
plate members 90 in the first embodiment, a single 
intermediate plate member 90 is employed. IVIore 
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specifically, as best shown in Fig. 7. the intermedi- 
ate plate mennber 90 shown therein has an inter- 
mediate portion blanked off to define a generally 
rectangular opening 91 having its longitudinal axis 
oriented perpendicular to the longitudinal axis of 
the intermediate plate member 90 while leaving a 
pair of opposite connecting strips 91a. Opposite 
peripheral lip regions of the intermediate plate 
member 90 defining the opening 91. which lie 
parallel to the respective ends of the intermediate 
plate member 90, form respective mounts 90a to 
which the opposite ends of the strain sensor 40 of 
the structure described In connection with the pre- 
vious embodiment of the present invention are 
welded to permit the strain sensor 40 to be sup- 
ported by the intermediate plate member 90 while 
bridging over the opening 91 . 

To complete the strain inducing unit 61, the 
intermediate plate member 90 is sandwiched be- 
tween the upper and lower plate structures 72 and 
82 with flanges 70c and 71c of the upper plate 
structure 62 welded together with the associated 
flanges 80c and 81c of the lower plate structure 82. 
At this time, opposite side edge portions of the 
intermediate plate member 90 are sandwiched be- 
tween the flanges 70c and 71c of the upper plate 
structure 72 and the flanges 80c and 81c of the 
lower plate structure 82 and are then welded there- 
to. For welding the upper and lower plate struc- 
tures 72 and 82 together with the intermediate 
plate member 90 intervening therebetween, any 
suitable welding method may be employed such 
as, for example, a spot welding technique. Prior to 
the welding being effected to the flanges 70c. 71c 
and 80c, 81c of the upper and lower plate struc- 
tures 72 and 82, the strain sensor 40 is secured at 
its opposite ends to the respective mounts 90a of 
the intermediate plate member 90 so as to traverse 
the opening 91 defined in the Intermediate plate 
member 90. 

In the construction shown in and described 
with reference to Figs. 6 and 7. the upper plate 
structure 72. the lower plate structure 82 and the 
intermediate plate member 90, all made of metal 
by the use of a press work constitute the strain 
inducing unit 1 together with the strain sensor 40. 
Therefore, as is the case with the previously em- 
bodiment of the present invention, not only can the 
productivity of the load cell be increased, but also 
both of the upper plate structure 72 and the lower 
plate structure 82, which form the respective upper 
and lower portions of the fixed and movable rigid 
bodies 62 and 63, can be manufactured by the use 
of a single and the same die and punch, thereby 
enhancing the production of the strain inducing unit 
61 and, hence, the load cell using the same, ac- 
companied by a reduction in the manufacturing 
cost of the load cell. 



f^oreover, the strain inducing unit 61 as a 
whole has a symmetrical profile thereby to form the 
Roberval's parallel motion mechanism. Therefore, 
In the event that the movable rigid body 63 in the 

6 load cell Is loaded, the strain in a quantity propor- 
tional to the load imposed on the movable rigid 
body 63 is induced in the strain sensor 40 sup- 
ported by the Intermediate plate member 90 so as 
to traverse the opening 91 defined therein, thereby 

10 to accomplish a precise and accurate detection of 
the load without being adversely affected by a 
moment of the load. 

Specifically according to the second preferred 
embodiment of the present invention, the inter- 

75 mediate plate member 90 is formed by preparing a 
single metal plate and perforating an Intermediate 
portion thereof to define the rectangular opening 91 
for accommodating the strain sensor 40 that subse- 
quently mounted therein with its opposite ends 

20 secured to the mounts 90a while bridging over the 
opening 90. Therefore, while In the construction 
according to the previous embodiment of the 
present invention care is required to avoid any 
deviation in relative positions among the strain sen- 

25 sor 40, and the first and second intermediate plate 
members 30A and 30B. the second preferred em- 
bodiment of the present invention does not require 
such a precise positioning. Since the intermediate 
plate member 90 is in the form of the single metal 

30 plate having the opening 91 defined therein, the 
second preferred embodiment of the present inven- 
tion suffices to mount the strain sensor 40 in posi- 
tion and, therefore, the strain sensor 40 can easily 
be positioned relative to the single intermediate 

35 plate member 90, accompanied by an increased 
ease to assembly the strain inducing element 61 
with an improved productivity. 

According to the previously discussed first pre- 
ferred embodiment of the present invention, If the 

40 strain sensor 40 is mounted on the first and second 
intermediate plate members 30A and 30B improp- 
erly, that is, in a deviated fashion, and the resultant 
assembly is subsequently positioned between the 
upper and lower plate structures 12 and 22 to 

45 complete the strain inducing element 61, and con- 
sidering that the position where the first and sec- 
ond plate members 30A and 30B are mounted is in 
practice restricted by the upper and lower plate 
structures 12 and 22, an unnecessary initial load 

50 resulting from the deviation in position of the strain 
sensor 40 relative to one or both of the intermedi- 
ate plate members 30A and 306 will act on the 
strain sensor 40. Once this occurs, the strain sen- 
sor 40 may be damaged or will give rise to an 

55 incorrect measurement accompanied by a reduc- 
tion in load delecting accuracy. This possibility 
does not occur according to the second preferred 
embodiment of the present Invention shown In and 

10 
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described with particular reference to Figs. 6 and 7, 

More specifically, in the practice of the second 
embodiment of the present invention, since the 
strain sensor 40 is mounted on the single inter- 
mediate plate member 90 so as to bridge over the 
opening 91 defined therein and the resultant as- 
sembly is subsequently mounted between the up- 
per and lower plate structures 72 and 82. no un- 
necessary initial load act on the strain sensor 40, 
resulting not only in an increase in durability of the 
strain sensor 40 and, hence, that of the strain 
inducing unit 61, but also in an increased load 
detecting accuracy. 

It is to be noted that, if in the practice of the 
second embodiment of the present invention the 
size of each of the connecting strips 91a connect- 
ing the opposite end portions of the plate member 
90 is properly chosen, not only can the load im- 
posed on the strain sensor 40 be controlled, but 
also a thermal conductivity of the strain sensor 40 
and the strain inducing unit 61 as a whole can be 
controlled, thereby permitting the strain inducing 
unit 61 to exhibit a thermal stability against a 
change in temperature. 

In any one of the foregoing embodiments of 
the present invention, each of the upper and lower 
plate structures 12 and 22 or 71 and 81 has been 
shown and described as having flanges for con- 
necting the upper and lower plate structures to- 
gether with the associated plate member or mem- 
bers sandwiched therebetween. However, each end 
portion of each of the upper and lower plate struc- 
tures and the associated intermediate plate mem- 
ber may be modified as shown in Fig. 8. In the 
modification of Fig. 8, no flanges such as em- 
ployed in any one of the first and second embodi- 
ments of the present invention is employed. 

Referring now to Fig. 8 in which only one end 
portion of each of the upper and lower plate struc- 
tures 102 and 103 which forms the fixed or mov- 
able rigid bodies 200 is shown for the sake of 
brevity, an upper portion of each of the fixed rigid 
and movable bodies 200 and 203 is formed by a 
corresponding upper rigid body forming region 201 
having a top wall 201a and a pair of opposite side 
walls 201b substantially perpendicular to the top 
wall 201 a and, similarly, a lower portion of each of 
the fixed rigid and movable bodies 200 is formed 
by a corresponding lower rigid body forming region 

202 having a bottom wall 202a and a pair of 
opposite side walls 202b substantially perpendicu- 
lar to the bottom wall 202a. An intermediate plate 

203 has a width corresponding to the span be- 
tween the side walls 201b of each of the upper and 
lower rigid body forming regions 201 and 202, 
having its side edges sandwiched and welded in 
position between the side walls 201b and 202b. 



According to the modiftcatipn shown in and 
described with reference to Fig. 8, since no flange 
is employed in each of the upper and lower plate 
structures, it is evident tfial the strain inducing unit 

5 101 has a light-weight feature. 

Also, in any one of the foregoing embodiments 
of the present invention, the pairs of the notches 
has been described as formed in each of the upper 
and lower plate structures to define the two con- 

70 strlcted regions of reduced width. However, in a 
further modification shown in Fig. 9, each of the 
upper and lower plate structures 312 and 322 of 
the strain inducing unit 301 (only the upper one 
312 is shown in Fig. 9) has a beam portion 304 in 

75 which a pair of slots 305, each having a pair of 
rounded ends opposite to each other, are defined 
so as to extend perpendicular to the longitudinal 
axis of the plate structure, thereby leasing the pairs 
of the constricted regions 306. one pair on each 

20 side thereof. 

Fig, 10 illustrates a third preferred embodiment 
of the present invention. The strain inducing unit 
shown therein is generally identified by 401 . Strain 
sensors used in association with this strain induc- 

25 ing unit 401 to form the load cell is generally 
identified by 40A in Fig. 11. 

Referring first to Fig. 11, each of the strain 
sensors 40A includes a generally rectangular metal 
substrate 41 made of, for example, stainless steel, 

30 an insulating layer 42 formed on one surface of the 
metal substrate 41, and a strain detecting resis- . 
tance element 43A made of, for example, tantalum 
nitride, deposited in a predetermined pattern on a 
surface of the insulating layer 42 opposite to the 

35 metal substrate 41. Opposite ends of the patterned * 
resistance element 43 A are connected with respec- 
tive lead wires 400 which are in turn connected in 
the Wheatstone bridge network as shown in Fig. 
12. The formation of the strain detecting resistance 

40 element 43A on the metal substrate 41 through the 
insulating layer 42 may be carried out in a known 
manner by the utilization of a thin-film technology 
and a lithographic technique. 

Referring now to Fig. 10. the strain Inducing 

45 unit 401 is made of metal such as. for example, 
stainless steel or duralumin into a generally rectan- 
gular cubic body having a cave 405 defined there- 
in. Specifically, the rectangular cubic body of met- 
al, which eventually forms the strain inducing unit 

50 401, has a generally intermediate portion formed 
with the cave 405 which is so designed and so 
shaped as to leave fixed and movable rigid bodies 
402 and 403 at opposite ends thereof, respectively, 
and also as to leave top and bottom beam portions 

65 404 at opposite sides thereof, respectively, said top 
and bolton) beam portions 404 connecting the fixed 
and movable rigid bodies 402 and 403 together. 
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The strain inducing unit 401 according to the 
third embodinnent of the present invention is, if it Is 
desired to be used as the load cell for, for exam- 
ple, the electronic scale, used in practice with the 
fixed and nnovable rigid bodies 402 and 403 rigidly 
secured to the scale base and the scale table, both 
forming respective parts of the electronic scale, in 
a manner similar to that shown in and described 
with reference to Fig. 5 and also to Fig. 17. 

Opposite portions of the cave 405 adjacent the 
fixed and. movable rigid bodies 402 and 403 are 
enlarged in shape to represent a generally oval 
shape so that opposite ends of each of the beam 
portions 404, which connect the respective beam 
portion 404 with the fixed and movable rigid bodies 
402 and 403, respectively, are reduced in thickness 
so as to define associated thin-watled. strain gen- 
erating area 406A and 406B or 406C and 406D, 
thereby to allow the strain inducing unit 401 to 
represent the Roberval's parallel motion mecha- 
nism in which, when a load is imposed on the 
movable rigid body 403, the latter undergoes a 
parallel downward motion relative to the fixed rigid 
body 402. 

Accordingly, when the movable rigid body 403 
undergoes the parallel downward motion relative to 
the fixed rigid body 402, a tension acts on a 
surface of the strain generating area 406A between 
the top beam portion 404 and the fixed rigid body 
402 and also on the strain generating area 406D 
between the bottom beam portion 404 and the 
movable rigid body 403 whereas a compression 
acts on the strain generating area 406B between 
the top beam portion 404 and the movable rigid 
body 403 and also on the strain generating area 
406C between the bottom beam portion 404 and 
the fixed rigid body 402. 

The strain sensors 40A are rigidly mounted on 
the upper side face of the strain inducing unit 401 
at respective locations adjacent the strain generat- 
ing areas 406A and 406B by the use of a spot- 
welding technique utilizing a laser beam or an 
electron beam applied to the respective metal sub- 
strates 41 of the associated strain sensors 40A to 
connect them to the strain inducing unit 401. 
Therefore, it is clear that the strains induced by the 
movable rigid body 403 then undergoing the par- 
allel downward motion relative to the fixed rigid 
body 402 can be detected by the strain detecting 
resistance elements 43A as a function of a change 
in resistance of each of the resistance elements 
43A. 

As is the case with the example shown in and 
described with reference to Fig. 4, the resistance 
elements 43A are connected together with dummy 
resistors 14 to form a well-known Wheatstone 
bridge network as shown in Fig. 12. In this Wheat- 
stone bridge network shown in Fig. 12. a predeter- 



mined voltage E is applied between a junction Ja 
of one of the strain resistance elements 43A with 
one of the dummy resistors 14 and a junction Jb of 
the other of the resistance elements 43A with the 

5 other of the dummy resistors 14, an output voltage 
e, that is, an electric output signal as a function of 
the load imposed thereon, can be generated be- 
tween the junctions Jc and Jd in correspondence 
with a change in resistance of each of the resis- 

10 tance elements 43A. This electric output signal is 
eventually processed to provide a measurement of 
the load imposed on the strain inducing unit 401 . 

Fig. 13 illustrates a strain inducing unit 501 
according to a fourth preferred embodiment of the 

75 present invention. This strain inducing unit 501 
employs the strain sensor 40 of the construction 
shown in Fig. 3 to complete the load cell. More 
specifically, the strain inducing unit 501 is formed 
of metal into a generally rectangular cubic body 

20 having a cave 505 defined therein so as to leave 
fixed and movable rigid bodies 502 and 503 at 
opposite ends thereof, respectively, and also as to 
leave top and bottom beam portions 504 at op- 
posite sides thereof, respectively, said top and 

25 bottom beam portions 504 connecting the fixed and 
movable rigid bodies 502 and 503 together. At the 
same time, opposite portions of the cave 505 adja- 
cent the fixed and movable rigid bodies 502 and 
503 are enlarged in shape to represent a generally 

30 oval shape so that opposite ends of each of the 
beam portions 504, which connect the respective 
beam portion 504 with the fixed and movable rigid 
bodies 502 and 503, respectively, are reduced in 
thickness so as to define associated thin-walled, 

35 Strain generating area generally identified by 506, 
thereby to allow the strain inducing unit 501 to 
represent the Roberval's parallel motion mecha- 
nism. 

To support the strain sensor 40, the strain 
40 inducing unit 501 has a pair of plate-like wings 507 
and 508 integral therewith. The plate-like wings 507 
and 508 protrude inwardly of the cave 505 in 
alignment with the longitudinal axis of the strain 
inducing unit 501 in respective directions close 
45 towards each other so as to leave a mounting 
space between respective free ends of the plate- 
like wings 507 and 508. As is the case with any 
one of the first and second embodiments of the 
present invention, the strain sensor 40 is mounted 
50 in position within the mounting space between the 
plate-like wings 507 and 508 with the opposite 
ends of the metal substrate 41 welded to the free 
ends of the plate-like wings 507 and 508, respec- 
tively. 

55 Figs. 14 to 16 illustrate respective modified 

forms of the strain inducing unit to which the strain 
sensor 40 shown in Fig. 3 can be suitably moun- 
ted. The strain inducing unit 601 shown in Fig. 14 
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is of a construction wherein a pair of intermediate 
plates 630, spaced apart from each other, are 
positioned between upper and lower beam plates 
604 each having a pair of notches 605 defined on 
each, side thereof and wherein the beam plates 604 
and the intermediate plates 630 are connected 
together by means of a pair of connecting blocks 
607 occupying respective positions corresponding 
to fixed and movable rigid bodies 602 and 603. 
Each of the intermediate plates 630 is of a double- 
walled structures including two plate members so 
that the opposite ends of the metal substrate 41 
forming the strain sensor 40 can be spot-welded 
while sandwiched between the plate members, re- 
spectively. The paired notches 605 In each of the 
upper and lower beam plates 604 define a respec- 
tive constricted or strain inducing area 606 there- 
between. 

In the modification shown in Fig. 15. the strain 
inducing unit shown by 701 includes fixed and 
movable rigid bodies 702 and 703 and upper and 
lower beam portions 704 and has a cave 705 
defined between the upper and lower beam por- 
tions 704 and continued to recesses 705a em- 
ployed for defining a strain generating area 706. 
Plate-like mounting wings 707 and 708 are integ- 
rally formed therewith so as to lie above the upper 
beam portion 704 with their free ends spaced a 
distance from each other. The free ends of the 
plate-like mounting wings 707 and 708 are partly 
recessed inwardly to form respective recesses 709 
complemental in shape to the shape of the asso- 
ciated end of the strain sensor 40. The strain 
sensor 40 is accommodated in the mounting space 
defined between the plate-like mounting wings 707 
and 708 with the opposite ends of the strain sen- 
sors 40 spot-welded to the respective plate-like 
mounting wings 707 and 708 while received in the 
respective recesses 709. 

According to the modification shown in Fig. 15, 
the provision of the recesses 709 in the free ends 
of the plate-like mounting wings 707 and 708 ad- 
vantageously makes it easy to accurately position 
the strain sensor 40 relative to the strain inducing 
unit 701. 

Referring now to Fig. 16 showing a further 
modification of the strain inducing unit identified by 
801. The strain inducing unit 801 shown therein is 
made of metal plates and is of a generally rectan- 
gular box-like configuration including top and bot- 
tom plates and a pair of end plates connecting the 
top and bottom plates together so as to represent a 
generally rectangular shape. Opposite end portions 
of the illustrated box-like strain inducing unit 801 
form fixed and movable rigid bodies 802 and 803, 
respectively, which are connected by upper and 
lower beams 804 that are constituted by the top 
and bottom plates. Each of the upper and lower 



beams 804 has a generally H-shaped opening 805 
defined therein so as to leave a pair of mounting 
wings 807 and 808 extending in a direction close 
towards each other and also parallel to the longitu- 

5 dinal axis of the strain inducing unit 801 . 

Each of the generally H-shaped openings 805 
is delimited by a pair of longitudinal slots 805a 
extending parallel to each other and also length- 
wise of the associated upper or lower beam 804, a 

10 mounting space 810 communicating between re- 
spective intermediate portions of the longitudinal 
slots 805a and delimited by the free ends of the 
mounting wings 807 and 808. a pair of transverse 
slots 805b extending from opposite ends of each of 

75 the longitudinal slots 805a in a direction perpen- 
dicular to the longitudinal axis of the strain inducing 
unit 801 and away from the other of the longitudinal 
slots. Paired constricted, strain generating areas 
806 are defined by the transverse slots 805b that 

20 are aligned with each other. 

The strain sensor 40 is accommodated in the 
mounting space 810 with its opposite ends spot- 
welded to the free ends of the mounting wings 707 
and 708 while traversing therebetween. 

25 Although the present invention has been fully 

described in connection with the preferred embodi- 
ments thereof with reference to the accompanying 
drawings which are used only for the purpose of 
illustration, those skilled in the art will readily con- 

30 ceive numerous changes and modifications within 
the framework of obviousness upon the reading of 
the specification herein presented of the present 
invention. For example, although the strain sensor 
employed in any one of the foregoing embodi-. 

35 ments of the present invention has been of the^ 
type having the metal substrate and the resistance 
elements formed on the metal substrate through 
the insulating layer by the use of the patterning 
technique, it may comprise a metal substrate hav- 

40 ing generally interdigital transducers deposited on 
a thin-film layer having a piezoelectric property. 
Where this alternative strain sensor is employed, 
the resonance frequency of surface acoustic waves 
propagating in portions of the piezoelectric thin-film 

45 layers among the interdigital transducers varies as 
a function of the amount of strain induced in the 
metal substrate and, therefore, the detection of a 
change in resonance frequency in time axis effec- 
tively provides an indication of the amount of the 

50 strain actually Induced in the strain inducing unit. 

Also, while in Fig. 10 the strain sensor or 
sensors have been shown and described as moun- 
ted on the upper beam portion with the resistance 
elements thereof employed to form the Wheatstone 

65 bridge network together with the associated dum- 
my resistors, additional one or two strain sensors 
40A, as shown in Fig. 17 or Fig. 18. identical in 
construction with that shown in Fig. 1 1 and de- 
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scribed may also be mounted on the strain gen- 
erating area 66 or 608 of the lower beann 64 or 604 
with the resistance elements thereof forming the 
Wheatslone bridge network. 

It is to be noted that, in Fig, 17, the strain 5 
inducing element 61 A has an opening 67 on re- 
spective sides thereof, and an edge portion 67a of 
said opening confronting in a lengthwise direction 
thereof constitutes a strain generating area 66. 

Moreover, the strain inducing unit may not be io 
always sq structured and so configured to repre- 
sent the Roberval's parallel motion mechanism. 

Accordingly, such changes and modifications 
are, unless they depart from the spirit and scope of 
the present invention as delivered from the claims 76 
annexed hereto, to be construed as included there- 
in. 

A load cell for detecting a load imposed there- 
on comprises, for improving a productivity thereof, 
a strain inducing means(l) made of metal and 20 
including a strain generating area(6) for generating 
a strain as a function of the load, and a strain 
sensor(40) including a metal substrate(41 ) having a 
strain detecting element(43) formed thereon for de- 
tecting the strain generated at the strain generating 25 
area(6) of the atrain inducing means(l). The strain 
sensor(40) is mounted in the strain inducing 
means(l) with the metal substrate(41) welded 
thereto. 



Claims 



30 



1- A load cell for use in detecting a load imposed 
thereon, said load cell comprising: 

a strain inducing means made of metal 35 
and including a strain generating region for 
generating a strain as a function of the load; 

a strain sensor including a metal substrate 
having a strain detecting element formed 
thereon for detecting the strain generated at 4o 
the strain generating region of the strain induc- 
ing means: and 

said strain sensor being mounted in the 
strain inducing means with said metal sub- 
strate welded thereto. 45 

2. The load cell as claimed in Claim 1, wherein 
said strain inducing means is made of a metal 
plate, said metal plate having at least one 
notch formed therein so as to define an area 50 
where stress build-up occurs. 

3. The load cell as claimed in Claim 1, wherein 
said strain inducing means comprises a fixed 
rigid body adapted to be secured to a base, a 6& 
movable rigid body adapted to receive the 
load, said fixed and movable rigid bodies oc- 
cupying respective positions corresponding to 



opposite end portions of the load cell, and a 
pair of beam members extending parallel to 
each other and connecting the fixed and mov- 
able rigid bodies together so that, when the 
load acts on the movable rigid body, the mov- 
able rigid body undergoes a parallel downward 
motion relative to the fixed rigid body, and 
wherein the strain generating region is defined 
on each of the beam members. 

4. The load cell as claimed in Claim 1 , wherein 
said strain inducing means comprises gener- 
ally elongated first and second structures with 
the first structure positioned above the second 
structure so as to define a generally hollow 
therebetween, an intermediate plate means 
sandwiched between the first and second 
structures, said strain sensor being positioned 
within the hollow and welded to the intermedi- 
ate plate means, and wherein said first struc- 
ture is of one-piece construction including a 
pair of upper rigid body forming regions op- 
posite to each other and connected together 
by means of an upper beam, said upper rigid 
body forming regions constituting respective 
upper portions of the fixed rigid body adapted 
to be secured to a base and a movable rigid 
body adapted to receive the load and wherein 
the second structure is of one-piece construc- 
tion including a pair of lower rigid body for- 
ming regions and opposite to each other and 
connected together by means of a lower beam, 
said lower rigid body forming regions constitut- 
ing respective lower portions of the fixed and 
movable rigid bodies. 

5. The load cell as claimed in Claim 4, wherein 
each of the first and second structures is 
formed by the use of a metal plate and 
wherein said strain inducing means is of a 
symmetric structure. 

6. The load cell as claimed in Claim 4, wherein 
said intermediate plate means is constituted by 
first and second intermediate plates, the inter- 
mediate plate being sandwiched between re- 
spective first rigid body forming regions of the 
first and second structures corresponding in 
position to the fixed rigid body while the sec- 
ond intermediate plate is sandwiched between 
respective second rigid body forming regions 
of the first and second structures correspond- 
ing in position to the movable rigid body, said 
first and second intermediate plates having re- 
spective ends confronting with each other so 
as to define a mounting space, said strain 
sensor being disposed in said mounting space 
with opposite ends thereof welded respectively 
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to said side edge portions. 

7. The load cell as claimed in Claim 4, wherein 
said intermediate plate means comprises a sin- 
gle plate member having an opening defined 
at an intermediate portion thereof, opposite 
peripheral lip regions of said opening defining 
respective mount to which the opposite ends 
of the strain sensor are wended while travers- 
ing across the opening. 

8. The load cell as claimed in Claim 1, wherein 
said strain inducing means and said metal 
substrate are made of identical metallic ma- 
terial. 

9. The load cell as claimed in Claim 1. wherein 
said metal substrate is in the form of a thin 
plate having a strain generating area defined 
therein for facilitating stress build-up and 
wherein said strain sensor is positioned at the 
strain generating area. 

10. The load cell as claimed In Claim 1, wherein 
said metal substrate has a cross-sectional sur- 
face area small enough to prevent the amount 
of strain induced in the strain inducing means 
from being varied. 

11. The load cell as claimed in Claim 1. wherein 
said strain sensor is protected by an elec- 
trically insulating overcoat. 

12. The load cell as claimed in Claim 1, wherein 
an electrically insulating layer is formed on one 
surface of the metal substrate and the strain 
detecting element is formed on the electrically 
insulating layer. 

13. The load cell as claimed in Claim 1, wherein 
said metal substrate has opposite portions 
clear from a region where the strain sensor is 
formed, said metal substrate being supported 
by the strain inducing means with said portions 
thereof welded thereto. 

14. The load cell as claimed in Claim 1, wherein 
said metal substrate has ends opposite to each 
other, said metal substrate being supported by 
the strain inducing means with said opposite 
ends welded thereto. 

15. The load cell as claimed in Claim 1, wherein 
said metal substrate is spot-welded to the 
strain inducing means. 

16. The load cell as claimed in Claim 1. wherein 
said metal substrate is welded to the strain 



inducing means by means pf a YAG welding 
technique. 

17. A method of manufacturing a load cell includ- 
5 ing a strain inducing means made of metal and 

having a strain generating area defined therein 
for generating a strain as a function of a load 
imposed on the strain inducing means, and a 
strain sensor mounted at the strain generating 
70 area of the strain inducing means, said method 

comprising the steps of: 

forming a strain detecting element on a 
metallic substrate thereby to provide the strain 
sensor; and 

75 mounting the strain sensor in the strain 

inducing means with the metal substrate weld- 
ed to said strain inducing means. 

18. The method of manufacturing the load cell as 
20 claimed in Claim 17. wherein said forming step 

comprises a step of forming a plurality of de- 
tecting elements on a metallic matrix and a 
step of cutting the metallic matrix into a cor- 
responding number of sensor elements, each • 
25 of said sensor elements constituting the strain 

sensor. 

19. A weighing apparatus utilizing a load cell and 
having a scale table, said load cell being op- 

30 erably coupled with said scale table to detect a 

load placed on the scale table, said load cell 
comprising a strain inducing means made of 
metal and including a strain generating area for 
generating a strain as a function of the load 

35 . and a strain sensor including a metal substrate: 
having a strain detecting element formed 
thereon for detecting the strain generated at 
the strain generating area of the strain inducing 
means, said strain sensor being mounted in 

40 the strain inducing means with said metal sub- 

strate welded thereto. 

20. A weighing apparatus utilizing a plurality of 
load cells and having a scale table, each of 

45 said load cells being operably coupled with 

said scale table to detect a load placed on the 
scale table, each of said load cells comprising - 
a strain inducing means made of metal and 
including a strain generating area for generat- 

50 ing a strain as a function of the load and a 

strain sensor including a metal substrate hav- 
ing a strain detecting element formed thereon 
for detecting the strain generated at the strain 
generating area of the strain inducing means, 

55 said strain sensor being mounted in the strain 

inducing means with said metal substrate 
welded thereto. 
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21. A method of weighing an object to be weighed, 
which is placed on a scale table of a weighing 
apparatus which is operatively coupled with a 
load cell, said load cell comprising a strain 
inducing means made of metal and including a 5 
strain generating area for generating a strain 

as a function of the load and a strain sensor 
including a metal substrate having a strain 
detecting element formed thereon for detecting 
the strain generated at the strain generating io 
area of the strain inducing means, said strain 
sensor being mounted in the strain Inducing 
means with said metal substrate welded there- 
to, said method comprising a step of detecting 
the strain Induced in the strain inducing is 
means. 

22. The method of weighing the object as claimed 
in Claim 21, wherein the strain induced in the 
strain inducing means is detected by designing 20 
said metal substrate so as to have a cross- 
sectional surface area small enough to prevent 

the amount of strain induced In the strain in- 
ducing means from being varied. 
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